the need to extract this heat, which in the case of very compact or very large equipments may be troublesome. Valves are also prone to mechanical failure, particularly in situations where there is a significant amount of vibration present. Arising from these considerations, since the midnineteen-fifties, there has been an increasing tendency to replace valves with transistors in new equipment. Transistors and semiconductor diodes are "solid state" devices. They are smaller, more rugged and dissipate less heat than the thermionic devices formerly used. However, at this point it would be as well to sound a note of caution. In some circumstances it is preferable to use a valve rather than a transistor. This is particularly so when a stage must have a high input impedance, a high degree of isolation between input and output, or must handle large amplitude voltage signals. Transistor circuits generally work from lower voltage, higher current supplies than do valve circuits. Because of this, a very high degree of smoothing is required on the power supply, and care must be taken to avoid high resistance soldered joints. It is obvious that an increasing emphasis will be placed in medical electronics on the use of transistorized equipment.
The use of germanium as a semiconductor.
In respect of the ease with which they will conduct electricity substances can be grouped under the three general headings of conductors, semiconductors and insulators. A semiconducting material has a specific resistance (or resistivity) lying between that of a conductor and an insulator. A typical value is 1 ohm-cm. Comparable values for copper and glass would be 1O" 6 ohm-cm and that their electrical resistance decreases with temperature, over a particular range of temperature which is characteristic of the material. This contrasts with metallic conductors in which the resistances increase with increasing temperature. Some materials, such as germanium, exhibit semiconducting properties only when they contain a small proportion of another element. In its pure state, germanium, although it looks like a metal, is in fact an insulator. On the addition of a small amount (1 part in 10 7 approximately) of another element such as arsenic or indium, the resistivity of the material decreases and it acquires semiconducting properties. Such forms of germanium are frequently employed in the construction of diodes and transistors. An atom of germanium consists of a central, positively charged nucleus, surrounded by thirty-two orbital electrons arranged in shells (or rings). The outermost, or valence, shell contains four electrons. The atoms of germanium are arranged in a crystal lattice, as shown in figure 1. If the valence electrons were free to move under the influence of a potential difference applied across the germanium, then this material would be a fairly good conductor. That pure germanium is a poor conductor arises from the fact that the valence electrons of each atom form bonds or links with those of neighbouring atoms. Each valence electron is shared between two adjacent atoms. The only free electrons available for conduction are those liberated by the action of thermal energy causing a partial breakdown of the lattice structure. At normal room temperatures this effect is small.
The addition of a controlled impurity content to
the germanium. The addition of a pentavalent atom, such as antimony or arsenic, to the germanium now makes available a free electron to act as a carrier of electric 371
The formation of covalent bonds in a crystal of pure germanium. Only the valence electrons are shown.
charge. (An electric current consists of a flow of electric charges.) This follows since only four valency electrons of the impurity atom bond with atoms of germanium. When the impurity atom loses one electron it becomes positively charged and is called a "donor" since it has donated one electron to the current flow. Since, here, the charge carriers are negatively charged electrons, this type of germanium is called n-type germanium ("n" for negative). On the other hand, if the impurity added is trivaknt (aluminium or indium), the impurity atom borrows an electron from a neighbouring germanium atom to make up the number of covalent bonds to four. The removal of this electron leaves a "hole" in the crystal lattice.
This hole exerts an attractive force on any electron liberated from a germanium atom by thermal energy, and which passes near to the hole. A new hole is now formed, and this can be filled by the capture of another free electron. The effective movement of holes throughout the germanium constitutes a flow of positive charge carriers. In this case, an impurity atom will gain an electron and is called an "acceptor". Germanium with this kind of added impurity is called p-type germanium ("p" for positive).
The p-n junction. Consider a junction formed between a piece of p-type germanium and a piece of n-type germanium as shown in figure 2. At first sight it might be expected that electrons would simply flow to the p-type germanium from the n-type germanium and neutralize the holes. However, the result of electrons flowing from the n-type germanium is to leave it positively charged. Similarly, the result of holes flowing from the p-type germanium is to leave it negatively charged. As a result, a "potential barrier" builds up to prevent any further flow of charge carriers across the junction. The barrier produces the same result as a battery connected as shown in figure 2. A real battery connected in this way acts to increase the barrier and the so-called "reverse" current which can flow across the junction is small, of the order of a few micro-amperes. When its polarity is reversed, the battery can now act to reduce the barrier, and a comparatively large current can flow across the junction. The application of a "forward" voltage of 0.2 volt, may produce a current of some 5 milliamps. If an alternating voltage of about 1 volt is applied to a p-n junction, alternate half-cycles
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Fixed and mobile charges in the region of an n-p or p-n junction.
will strengthen and weaken the barrier. As a result the junction diode acts as a rectifier, passing considerably more current in the forward than in the reverse direction. Junction diodes are widely used as rectifiers, and in spite of their small size, can rectify surprisingly large currents. Where the rectifier dissipates a considerable amount of heat, a silicon diode is used rather than a germanium one.
The Zener diode. Figure 3 shows that the reverse current of a p-n junction diode is small, and sensibly constant as the reverse voltage is increased. However, if the reverse voltage applied is increased, then a critical point is reached beyond which the reverse current increases very rapidly for a further small increase in reverse voltage. Under these conditions, the internal resistance of the device is low and it exhibits a good regulation. As shown in figure 3, this breakdown is called the Zener effect and is caused by the disruption of the covalent bonds producing an avalanche of electrons. Ordinary diodes would be destroyed by this effect but special silicon diodes are designed to withstand repeated applications of Zener voltages and are known as Zener diodes. The voltage developed across the diode is substantially independent of the current through the diode over a
wide range. Such diodes are used as stable voltage sources and can be obtained in a range of Zener voltages. Figure 4 shows a Zener diode power supply for the thermistor thermal conductivity cell of a compact gas chromatograph designed to measure respiratory or anaesthetic gas mixtures. Initially the power was provided by a pair of dry batteries, but the voltage produced by these drifted significantly with time. This drift was eliminated by the substitution of the Zener diode. The bridge rectifier uses four OA10 germanium junction diodes. In part I of this series mention was made of a precision DC potentiometer. Using a 2-volt accumulator, this device can only measure voltages up to 1.9 volts. A new development uses a stable DC amplifier with a gain of 50 to produce a reference voltage of 500 from a 10-volt Zener diode. Thus voltages can be accurately measured by this method up to 500 volts. 
Transistors.
A p-n-p type junction transistor consists of a layer of n-type material a few thousandths of an inch thick, sandwiched between two regions of p-type material. It is also possible to have an n-p-n arrangement. The two outer regions are called the emitter and collector, the middle section is known as the base. Figure 5 shows, schematically, a p-n-p junction transistor. The polarity of the voltages applied to the various electrodes is important. If it is altered, then damage to the transistor may result. With a p-n-p transistor, the collector is made negative with respect to the base. The base-emitter circuit acts as a junction diode connected in the reverse direction, and only a small current flows. The emitter is made positive to the base, and the emitter-base circuit acts as a junction diode connected in the forward
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FIG. 5 Electron and hole paths in a p-n-p junction transistor.
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direction. It is protected, in figure 6, against excess currents by the 1.5-kO resistance. Positive holes from the emitter are attracted to the base and, since the thickness of the base layer is small, most of these holes are then attracted to the negative collector. They thus increase the previously small collector current. Typically, each 1 mA change of current in the base-emitter circuit will produce a 0.98 mA current change in the collector circuit. FIG. 6 Circuit for the examination of the common base characteristics of a p-n-p junction transistor.
The current that flows in the base lead is small and is equal to the difference between the emitter and collector currents. A circuit for investigating these current changes is shown in figure 6 . The ratio of the corresponding current change in the collector to the change in the emitter is called "alpha", the current gain. Although alpha is less than unity (0.98), the transistor produces a power gain since the collector circuit has a much higher resistance than the emitter circuit. Almost the same current change occurs in the emitter and collector circuits but the resistance of the collector circuit is some 2,000 times higher than that of the emitter circuit.
Since the current ratio is 0.98, this represents a voltage gain of some 1,960, and a power gain of 1,900 (V=IR, W=PR). Typical values of emitterto-base resistance and collector-to-base resistance are 500 ohms and 1 megohm respectively. In this circuit configuration, the base of the transistor is common to both the input and output. Hence the name common base circuit. It is also known as a grounded base circuit. N-p-n transistors are also frequently used. The polarity of the base and collector voltages are now opposite to those used with p-n-p types.
Common emitter circuit.
This is the most frequently used amplifier circuit. A typical common emitter AC amplifier stage is shown in figure 7 . Examination of the circuit reveals that the emitter is common to the collector (output) circuit and the base (input) circuit. In this arrangement, the positive hole current flowing from emitter to collector forms the output current. The input current consists of electrons flowing into the base to replace the base electrons which have been lost as a result of recombining with the positive hole current. Maximum emitter-to-collector current can flow when the base can be supplied with all the electrons it needs. If the input current to the base is reduced, the base becomes positively charged as it loses, without replacement, electrons by recombination. Thus, the relatively large collector current is controlled by the relatively small base current, the transistor functioning as a current amplifier. The current amplification factor is defined as the ratio of the change in output current produced by a corresponding change in input current. For the common emitter circuit, this is denoted by the symbol a or /?. A typical value would be of the order 50 or 60. Referring to figure 7, it is seen that the resistance in series with the emitter electrode is bypassed with a large electrolytic condenser to prevent negative feedback. The base is supplied from a potential divider circuit. This type of circuit provides protection against the possibility of excessive currents flowing and damaging the transistor consequent upon the ambient temperature increasing.
Common collector circuit.
Here, the input to the stage is applied between the base and collector, and the output taken from between the collector and emitter. This circuit possesses a low output impedance and is frequently used in voltage stabilizer circuits. Figure 8 shows a comparison between the basic circuits for valves and transistors.
Bias stabilization.
The collector current of a junction transistor has two components, one of which is under the control of the base current, the other being independent of it. The first component enables the transistor to function as an amplifier, but the second component is useless and is known as the leakage current. The magnitude of the leakage current is markedly temperature dependent. At high temperatures it may become comparable with the useful current and severely limit the performance of the transistor. Leakage currents do not seriously interfere with the performance of a common-base amplifier. If the emitter-base circuit is opened, the only leakage current flowing to the collector is the small reverse current of the collector-base diode. The common-emitter amplifier, however, is much more prone to trouble from leakage current. If the emitter-base circuit is opened, the reverse current of the collector-base diode flows as before. This current is matched by an equal current in the opposite direction, flowing to the base from the emitter. This current behaves as an input current, and is amplified by transistor action, appearing as a current /? times greater at the collector. For a useful collector current of 1 milliamp, the leakage current of a common-base amplifier at 55 °C might be 50 micro-amps, whereas for a common emitter amplifier at 55°C it might be 2.5 milliamps. It is vital, in commonemitter circuits, to provide protection against the possible production of large leakage currents.
In figure 7 , the base is connected to the junction of the two resistances forming the potential divider circuit. If the base current is considerably smaller than the current flowing through the divider circuit, then the voltage applied to the base can be taken as sensibly constant. If the total collector current increases due to an increase in leakage current with temperature, there is an increased voltage drop across Re, the resistance in series with the emitter. As a result, the emitter and base voltages tend to approach each other. The collector current reduces, and when equilibration is attained, the collector current is greater than it was initially, but is less than it would have been in an unstabilized circuit. Typically, such an arrangement might reduce variations of collector current to about one-fifteenth of their value in an unstabilized circuit. Silicon transistors do not give as much gain as germanium types, but they have a low value of leakage current, relative freedom from thermal runaway, higher permissible junction temperature and higher collector-voltage ratings. As a result, silicon types are encountered where it is necessary to use higher voltages and temperatures. Provided the analogy is not pressed too far, it is possible to compare transistor and valve circuits as is done in figure 8 .
The circuit of a simple transistor phase-shift oscillator is shown in figure 9 . The output consists of a sine wave of some 1,000 cycles per second. The output voltage at the collector is fed back to the input electrode (the base) of the transistor amplifier via a network consisting of three 5.6-kQ resistors and three 0.01-^f condensers. These values are chosen so that the network will give rise to a phase shift of 180° only at 1,000 c.p.s. There already exists (as in a valve) a 180° phase shift between the input and output voltages of the transistor. The voltage attenuation produced by the network is 29. In practice, the transistor is chosen to have a gain of considerably more than this, so that a voltage is fed back to the input of the transistor in the correct phase to produce positive feedback. As a result the circuit oscillates at 1,000 c.p.s. Such circuits are used to energize transducers and to provide reference frequency signals. control is provided by the 100-microfarad condenser which can be made to short out, as far as the signal is concerned, more or less of the emitter resistance and thus the neptive feedback. The much lower power consumption of transistor oscillators virtually eliminates the slow drifts of frequency and amplitude that occur with valve oscillators as they warm up. The use of battery supplies completely eliminates hum modulation which can occur with mains-powered equipment. Figure 10 shows an electroencephalograph preamplifier for use with an oscilloscope. The amplifier is of the balanced type to reduce interference from undesirable in-phase signals. The discrimination against in-phase signals is quoted as better than 10,000:1. The first stage is designed to give an input impedance of greater than 50,000 ohms balanced to earth, and operates at a low collector current of 250 micro-amps. The variable resistors in the input stage, together with the later 2-kO control, enable the balanced condition to be set up. The second and third stages are resistance capacity coupled to reduce current-drift effects. The transistor pairs are mounted on common heat sinks in order to reduce short-term drifts arising from temperature variations. The gain of the preamplifier is of the order 1,000 times with a frequency response level from 20 c.p.s. upwards; at 1 c.p.s. it is about 1/20 of the 20 c.p.s. value. The circuit time constant is 1.5 second and the input impedance 75 kCl. Using negative feedback techniques, modern transistorized electroencephalographs are obtainable with an input impedance of 8 megohms.
The use of transistors in medical electronics is spreading rapidly since they offer the advantages of portability, low voltage circuits to minimize explosion risks and to protect the patient from electrical shocks, and the possibility of encapsulated circuits which can be chemically sterilized. A selection of articles and books for further reading is given below. It is now thirty-one years since the first edition of this famous textbook, which has made the name of its editor a household word throughout the world of anaesthesia, and which has an honoured place in the literature of our specialty. The first edition appeared at a time when the face of anaesthesia was changing: old methods were still in use, but endotracheal intubation was beginning to be popular, continuous and intermittent-flow machines for delivering anaesthetic gases and vapours were making their appearance, at least in the major hospitals, and the specialist anaesthetist was beginning, haltingly as yet, to climb the heights both of Olympus and Parnassus. Hewer did much to signpost the road for these pioneers, for there were as yet few, very few, satisfactory books to which the student in anaesthesia could turn for help and guidance. In these circumstances, the author could be well excused for neglecting the word Recent in his title, and it was not unreasonable that he should attempt, although it was remarkable that he should succeed so well, to cover the whole field of anaesthesia.
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Unfortunately, however, the same scheme was continued in later editions, and by 1953 this well-loved work seemed somewhat obsolete. The eighth edition (1957) undoubtedly benefited from the access of the new blood of Dr. J. A. Lee, but there was still little change in plan. Incidentally, we are sorry to see that Dr. Lee has taken no part in the production of this edition, although glad that there is a generous mention of him in the preface. Recent Advances has now taken on a new look; the editor has called to his side eleven contributors, all men of mark in our specialty, and they have stuck so well to their brief that, of the 1,371 references which amplify the eleven chapters, more than 75 per cent are not earlier than 1956, and the vast majority of the remainder come from the early 1950's. Such a list of recent references is in itself a recommendation for this book.
Since there have been such great changes in the plan of this work, it is right to list the titles of the various chapters, for, as the editor remarks, no attempt has been made to cover all the aspects of anaesthesia. They are: Inhalation Anaesthesia; Intravenous Anaesthesia; Muscle Relaxants; Hypothermia; Anaesthesia for Neurosurgery; Anaesthesia for Cardiac Surgery; Anaesthesia for Diagnostic Procedures; Obstetric Anaesthesia and Analgesia; Mechanical Ventilation of the Lungs; the Management of Patients during Artificial Ventilation; and Anaesthesia associated with Iatrogenic Conditions. This is a comprehensive list, but necessarily leads to some duplication.
The authors and the editor are to be congratulated for preparing such easily read and understandable accounts of complicated processes and actions. This is not a book of which the tyro or even the undergraduate need be frightened, for it deals with basic principles in language which all can understand, yet the experienced anaesthetist will find it a useful work of reference and a valuable source of further reading.
It is perhaps ungenerous, but only fair to our readers, to point out that there are a few blemishes on this book. Thus there are a number of misprints and some minor solecisms, and your reviewer regrets that, at least in one chapter, both Radford's nomogram and the Wright respirometer are advocated without the warning of their limitations. It may also be felt that the method of arranging the references is less satisfactory than the system employed in this Journal: there are great advantages in having them in alphabetical order, and they would be still more valuable if the titles of papers were also given. These are, however, minor criticisms: this new book is to be strongly recommended, and we are delighted to see Recent Advances restored to its former place in our esteem.
The book is nicely produced and is uniform with previous editions. It is perhaps a pity that, for what will undoubtedly be a much-used work, the binding is not more solidly attached.
M. H. Armstrong Davison
